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Summary
Introduction: Accurate positioning of the acetabular cup in primary total hip arthroplasty is
critical to decrease the rate of dislocation. Inaccurate orientation of the cup is the most common
error during this procedure. Target acetabular orientation is still controversial. An original study
found a dislocation rate of 0.6% when the cup was aligned with the transverse acetabular
ligament (TAL).
Hypothesis: TAL is a patient-speciﬁc anatomical landmark and a tool for cup orientation.
Materials and methods: Eight cadaveric pelves (14 hips included for study) were harvested
in toto at our research laboratory. Anatomical versions of the TAL, labrum and horns were
measured in relation to the anterior pelvic plane. A navigator sensor and an optoelectronic
device (Motion AnalysisTM) were used.
Results: Anatomical versions of the TAL, horns and labrum averaged 1.9◦ (range, −8◦ to +13.3◦),
3◦ (range, −12.2◦ to 14◦), and 26.3◦ (range, 17.4◦ to 41.8◦), respectively.
Discussion: To our knowledge, this is the ﬁrst study to report the orientation of the periac-
etabular soft-tissues. TAL anteversion was outside the safe zone described by Lewinnek, while
labrum anteversion was within this safe-zone. We discuss the reference used, Lewinnek’s safe
zone, and functional orientation of the implants. Lewinnek’s safe-zone does not seem to be
valid. The TAL seems to be a speciﬁc reference for each patient but its reliability must still be
conﬁrmed as an adequate refere
Level of evidence: Level IV Pros
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ntroduction
espite an increase in understanding of its causes and mech-
nisms, dislocation remains one of the main complications
f primary total hip arthroplasty [1]. Three factors are
nvolved: the surgeon (approach [2,3], experience [4,5],
rientation of components [6—8]), the implants (ratio
ead/neck [2,9], anti-dislocation devices [10]. . .) and the
atient (age [3], sex, alcohol consumption [11], neurologi-
al history [12], history of surgery [13]. . .). The position of
he acetabular component is a central factor for preventing
he risk of dislocation [14], as well as for limiting the risk of
ear and loosening [15].
The orientation of the cup is deﬁned by its inclination and
ersion. Unlike inclination, which according to most authors
hould be approximately 45◦ [7,8,16,17] for optimal range
f movement, implant stability and to limit wear, there is
o consensus about how much anteversion is necessary for
he cup. Murray [18] deﬁned three types of cup antever-
ion: anatomical, operative and radiographic. Anteversion
alues are different depending on the plane of reference,
nd Murray has developed conversion nomograms for these
hree deﬁnitions. [18]. McKibbin [19] was the ﬁrst to use
he anterior pelvic plane (APP) (plane which passes through
he two anterosuperior iliac spines and in the middle of the
ubic tubercles) to measure acetabular anteversion. Lewin-
ek et al. [8] deﬁned a ‘‘safe zone’’ deﬁned from the APP
between 5 and 25◦ of radiographic anteversion) to reduce
he rate of dislocation (1.5% vs 6%).
During surgery, the most important step is cup orien-
ation, especially for young surgeons. The position on the
perating table, dislocation of the native hip and the use
f retractors all change pelvic, and thus acetabular ver-
ion [20]. During traditional surgery, there are no reliable
onstants: table position (transverse axis), patient’s body
longitudinal axis). Computer assisted surgery has not solved
his problem because except in cases of kinematic naviga-
ion, there is the problem of which reference to use for the
ubject in the decubitus position [21].
An original study in 2006 by Archbold et al. [22] reported a
ate of dislocation of 0.6% (posterolateral approach, 28mm
eads) at a minimum of 8 months of follow-up if the cup
omponent was placed parallel to the transverse acetabular
igament (TAL). The TAL is a ﬁbrocartilaginous tissue, which
nites the two horns of the acetabular notch. This ligament
s usually found (99.7%) even in cases of severe osteoarthri-
is of the hip (after removing osteophytes) [22]. However,
o our knowledge, there is no anatomical study which has
valuated the orientation of the transverse ligament and its
ariations.
We measured anatomical anteversion of the TAL in rela-
ion to the APP. We then compared these results to those
f Lewinnek et al. [8] in order to discuss the reliability of
sing the TAL as an anatomical reference for positioning cups
uring primary total hip arthroplasty.
aterials and methodsaterials
ight fresh in toto cadaveric pelves (including sacroiliac
oints, pubic ligaments, labrum and TAL) were harvested
a
c
c
a
wigure 1 Tracking of the transverse acetabular ligament.
SIS: anterosuperior iliac spine. PUB: pubic tubercles. R: right,
: left.
rom the laboratory of anatomy in Lyon: three men and ﬁve
omen. The mean age was 82.5± 3.3 years (range 78—93).
nly ‘‘normal’’ pelves were included in this study for a total
f 14 acetabuli. Acetabuli with osteoarthritis of the hip,
rior injury or hip surgery were excluded.
Once dissected and harvested, the fresh pelves were
rozen until the experimental phase of the study. The pelves
ere thawed 24 hours before being studied to restore the
exture to the TAL and the labrum.
Measurements were obtained with an optoelectronic sys-
em with passive markers called Motion AnalysisTM (Santa
osa, California, USA). Six EagleTM cameras (1.3Mpx) were
iloted by EVaRT 5.0TM software. An appropriate volume was
hosen around the pelves. Static and dynamic calibrations
ere obtained. System errors were below 0.2mm. The sam-
ling frequency of the cameras was 100Hz. A Butterworth
lter was used (low pass, order 5, cut-off frequency 6Hz) to
orrect the 3D path of the markers. Six markers (diameter
2mm) were glued onto each pelvis with LoctiteTM (Henkel,
arne-la-Vallée, France). Two were attached to the postero-
uperior iliac spines ((PSIS-R) and (PSIS-L)-M), two to the
nterosuperior iliac spines (ASIS-R and ASIS-L) and two to the
ubic tubercles (PUB-L and PUB-R). The BrainLabTM tracking
ensor and three markers were used to measure the differ-
nt elements (Fig. 1). The exact dimensions were known
manufacturer’s speciﬁcations).
ethods
oth acetabuli were studied for each pelvis. It was impor-
ant that the operator (the same orthopedic surgeon for
ll pelves) be careful to keep the tracking sensor in
ontact with the zone being studied. There were three
onsecutive acquisition sequences for each hip; TAL, horns
nd labrum. The entire TAL and labrum were palpated
ith the tracking sensor (for 5 and 10 s, respectively),
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The anatomical version of the horns was between −12.2◦
and +14◦ (mean = +3◦) (Table 1). The anatomical version
of the acetabular labrum was +17◦ ± 41.8◦ (mean = +26.3◦)
(Table 1). Pelves 1 and 5 presented with ligaments and horns
Table 1 Anatomical anteversions (in degrees) of the horns,
TAL and labrum.
Pelvis Side Horns TAL Labrum
1 Right −10.4 −8.1 17.4
1 Left −5.1 −5.9 18.2
2 Right 4.2 3.3 23.6
2 Left 9.9 4.9 30.1
3 Right 14.0 13.3 41.8
4 Left −12.2 −4.6 22.3
5 Right 4.8 1 22.8
5 Left 8.1 5.3 20.0
6 Right 3.5 6.7 43.7
6 Left 7.2 12.5 31.4Figure 2 Anterior pelvic plane (blue) and orthonormal refer-
ence (O, X, Y, Z).
and the horns were tracked on their most prominent
area.
EvaRT 5.0TM software calculated the 3D coordinates of
the tracking markers at a main static reference point which
was determined during calibration of the device. The Skele-
ton builderTM module integrated into the software was used
to hierarchically deﬁne the objects being studied. In this
way, it was possible to identify the position of an object
in relation to another hierarchically superior object. The
original position of the lowest object was provided by three
coordinates and the orientation of this object was given by
three angles.
An initial object was deﬁned by its reference point cre-
ated with the help of the markers ASIS-R, ASIS-L, PUB-R and
PUB-L. The origin O was at the level of the pubis between the
twomarkers PUB-R and PUB-L. The Y-axis was found between
the origin O and the middle of ASIS-R and ASIS-L. The Z-axis
was coplanar to the Y-axis, in the plane deﬁned by PUB-R,
PUB-L and ASIS-R and the Z-axis oriented towards the right.
The X-axis was deﬁned to create a direct orthonormal refer-
ence with Y and Z (with X towards the front). This reference
was called the APP (Fig. 2). A second object was then deﬁned
at the level of the marker. The origin of this reference was
the tip of the tracking sensor. Thanks to SkeletonTM, the posi-
tion of the origin of the tracking sensor was found directly
in the reference APP.
Calculations and data analysis
The necessary data were obtained during the tracking
phase. Once data were processed with EvaRTTM, they were
exported to format.htr. An ExcelTM macro was then used
to recover the 3D coordinates of the origin of the track-
ing device in the reference APP which was calculated over
time using SkeletonTM. Then by projecting these coordi-
nates onto the XZ plane (transversal plane perpendicular
to the APP), we calculated the anatomical anteversion of
the TAL, the acetabular horns and the labrum. Anatomical
anteversion was the anteversion measured in this transversal
plane between the sagittal X-axis and the line correspond-
ing to projection of the plane of interest (Fig. 3). Weigure 3 Deﬁnition of the anatomical angle of anteversion 
18].
alculated the line of regression (least squares regression)
sing the scatter plot of points obtained by the tracker
n the TAL, and projected this onto the transversal plane
O, X, Z). We did the same thing with the scatter plot
oints obtained on the posterior and anterior horns (CP
nd CA). For the labrum, a plane of least squares was
etermined from the scatterplot obtained: the labral plane.
hen the line that intersected the labral plane and the
O, X, Z) plane was determined. The anatomical antever-
ion was obtained from the arctangent of the slope of the
ine.
esults
his study included 14 acetabuli after excluding two hips
hat had former surgery. The anatomical version of the
AL was between −8◦ and +13.3◦ (mean = +1.9◦) (Table 1).7 Right 13 51 24.9
7 Left −0.45 1.3 25.0
8 Right 2.3 −4.2 24.7
8 Left 3.5 −4.5 22.5
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ith the greatest retroversion of approximately −10◦. There
as anteversion in the labrum in all hips.
iscussion
ince the study by Archbold et al. [22], the TAL has become
n important reference for certain surgeons for hip arthro-
lasty. These authors identiﬁed a TAL in 99.7% of their
nterventions. The TAL has become one of the main anatom-
cal references for positioning the cup both in traditional
nd computer-assisted surgery. Thus, this study was needed
o conﬁrm the reliability of this element as a reference
oint. To our knowledge, there are no other studies in
he literature on the anatomical orientation of the ‘‘soft
issues’’ (transverse ligament, labrum) around the acetab-
lum. Moreover, most studies evaluating the orientation of
otal hip arthroscopy components are based on radiography
hose parameters are not standardized.
nterior pelvic plane
e chose the APP because this is an ‘‘anatomical’’ plane
hich is used in most publications [7,23,24] and which has
eference values determined by Lewinnek et al. [8] We con-
erted the radiographic anteversion values (15± 10◦) into
natomical anteversion (35± 20◦) using Murray’s conversion
omograms [18]. The APP was chosen despite the contro-
ersy about the functional notion of pelvic tilt. Pelvic version
odiﬁes acetabular orientation [25]. When pelvic version
ncreases, acetabular anteversion decreases and vice versa.
hen standing, the anterior pelvic plan is not vertical
ecause of this variation in pelvic version. Nevertheless, this
s one of the only anatomical pelvic planes which is easily
easured in vitro.
ransverse acetabular ligament and the anterior
elvic plane
n MRI study by Archbold et al. [26] showed that mean
nteversion (surgical anteversion) of a TAL-labrum plane was
imilar to that of the labrum in our study. (approximately
3◦). On the other hand, our study does not support the use
f a common TAL-labrum plane because we observed dif-
erent anterversion for these two structures. A radiographic
tudy by Pearce et al. [24] showed that the TAL was a reli-
ble reference for aligning the cup in Lewinnek’s safe zone.
owever, this study was based on non-standardized X-rays.
ur study did not conﬁrm these results, because orienta-
ion using the TAL with reference to the APP was not in
ewinnek’s safe zone.
ewinnek’s ‘‘safe zone’’
ur study showed that orientation of the TAL (and the horns)
as outside of (below) Lewinnek’s ‘‘safe zone’’. On the
ther hand, labral anteversion was found to be within this
one. Based on these results, in order to be within Lewin-
ek’s safe zone, the cup should have 30◦ of anterversion in
elation to the TAL plane. Lewinnek et al. [8] analysed 113 X-
ays with only nine patients with dislocation. These authorsA. Viste et al.
dentiﬁed 1.5% of cases with dislocation in the ‘‘safe zone’’
hich is twice as many as the study by Archbold et al. [22]
hich used the TAL as a reference.
imits of our study
he limits of our study are the lack of power of our statistical
ests. A study of variations scatterplot in TAL anteversion in
larger population would make it possible to draw conclu-
ions about the intra-individual speciﬁcity of this reference.
ur study only evaluated cup anteversion, and it is obvi-
us that when trying to reduce dislocation, femoral stem
nteversion, which is easier to evaluate during surgery, is
omplementary to that of the cup (notion of combined
nteversion). [27]. Moreover, the tilt of the structures stud-
ed could result in variations in the projected anteversion.
inally, because this was an anatomical study, we did not
ake into account the lumbar-pelvic complex, whose bal-
nce affects the orientation of the acetabulum depending
n the patient’s position (sitting, standing, lying down. . .)
28].
onclusions
ur study showed that TAL anteversion was outside (below)
ewinnek’s safe zone. This standard should not be used to
osition cups between 5 and 25◦ in relation to the APP. Like
rchbold et al. [22,26] and Biedermann et al. [7], we believe
hat cup orientation should be speciﬁc for each patient and
ot a universal standard as suggested by Lewinnek et al.
8]. Indeed, anteversion is not a static parameter but a spe-
iﬁc dynamic value for each individual. Moreover, the APP
aries signiﬁcantly in relation to the vertical plan depending
n the patient’s position (sitting, standing, lying down. . .)
29,30]. Lewinnek’s notion is static, standard and there-
ore incorrect. Anatomical anteversion of the TAL in the
PP is approximately 0± 10◦. The TAL seems to be a spe-
iﬁc reference for each patient but its reliability must still
e conﬁrmed as an adequate reference for positioning the
up in total hip arthroplasty.
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